Background. Recent investigations have shown that cure of patients with symptomatic tachyarrhythmias related to an accessory atrioventricular pathway may be achieved by closed-chest electrode catheter ablation of the accessory connection. Direct current shocks have primarily been used for this purpose, but its applicability is limited because of the lack of controlled titration of electrical energy, the infliction of barotrauma, and the need for general anesthesia. Radiofrequency current has been proposed as an alternate energy source.
Methods and Results. Seventy-three symptomatic patients with Wolff-Parkinson-White syndrome and 19 patients with only retrogradely conducting (concealed) pathways underwent ablative therapy with radiofrequency current. There were 71 accessory pathways located on the left side of the heart (57 free-wall and 14 posteroseptal pathways) and 25 on the right side (11 free-wall, seven posteroseptal, and seven midseptal or anteroseptal pathways). In patients with right-sided pathways, ablation was attempted via a catheter positioned at the atrial aspect of the tricuspid annulus. In patients with a left-sided free-wall accessory pathway, a novel approach was used in which the ablation catheter was positioned in the left ventricle directly below the mitral annulus. Accessory pathway conduction was permanently abolished in 79 patients (86%). Growing experience and improved catheter technology resulted in a 100% success rate after the 52nd consecutive patient. Failures were mainly the result of inadequate catheters used initially or an unfavorable approach to left posteroseptal pathways.
Conclusions. Catheter ablation of accessory atrioventricular pathways by the use of radiofrequency current is an effective and safe therapeutic modality for patients with symptomatic tachyarrhythmias mediated by these pathways. (Circulation 1991; 84:1644 -1661 S ince its introduction in 1982,1,2 closed-chest transcatheter electrical ablation has increasik ingly gained importance in the treatment of medically intractable tachyarrhythmias. Initially, direct current delivered to the cardiac tissue in shocks of up to several hundred joules was exclusively used as an energy source. Despite its relative success in the control of supraventricular as well as ventricular arrhythmias,3-8 various drawbacks of this technique were recognized. They include the infliction of barotrauma to the heart, the lack of controlled titration of electrical energy to prevent inadvertent destruction of cardiac structures, the inapplicability Schluter et al Catheter Ablation of Accessory Pathways ments"112 and preliminary studies in humans13,14 in which a dual-catheter configuration was used to focus electrical energy from the left ventricular endocardium toward a selected area at the mitral annulus, this article presents our experience with transcatheter radiofrequency current ablation in patients with accessory atrioventricular connections at various locations along the mitral and tricuspid annuli.
Methods

Patients
Ninety-two consecutive patients who presented at our department between May 1987 and December 1990 were included in this study (Table 1 ). There were 34 females and 58 males with a mean age of 40±17 years (range, 6-78 years). Seventy-three patients had manifest preexcitation on the surface electrocardiogram (Wolff-Parkinson-White syndrome), and 19 were found to have an accessory atrioventricular connection capable of only ventriculoatrial conduction (concealed pathway). Eightyeight patients had no evidence of organic heart disease; patient 65 had hypertrophic obstructive cardiomyopathy and three patients (patients 5, 39, and 82) had coronary artery disease with a left ventricular ejection fraction of 26%, 42%, and 50%, respectively. There were two patients (patients 56 and 80) in whom previous surgery for accessory pathway division at an outside hospital had failed to interrupt accessory pathway conduction. Patients 56 and 67 had previously undergone successful direct current catheter ablation for another pathway.
All patients were referred to our department because of symptomatic spontaneous tachyarrhythmias related to an accessory atrioventricular pathway. Symptoms included disabling palpitations, nausea, dizziness, and presyncope. Sixteen patients had experienced syncopal episodes, and seven had to be resuscitated after cardiac arrest. Patient 92 had an antitachycardia pacemaker implanted at a different hospital in 1987 that failed to control recurrent supraventricular tachycardia. The duration of symptoms ranged from 3 months to almost 40 years. In most cases, the patient's tolerance of the arrhythmia had increasingly been compromised in the last 3-12 months before the ablation attempt, either by an increasing frequency of arrhythmic episodes, by the patient's inability to terminate the arrhythmia by vagal maneuvers, or by an increasing severity of symptoms. The underlying type of arrhythmia was atrioventricular reentrant tachycardia in 70 patients (incessant in patient 9), atrial fibrillation with a rapid ventricular response in 35 patients, and permanent junctional reciprocating tachycardia in two. Before ablative therapy, all but 12 patients had undergone drug trials with a median of two antiarrhythmic agents (range, one to seven) that either failed to control the arrhythmia or caused intolerable side effects.
Radiofrequency current catheter ablation was aimed at a total of 96 accessory pathways (Figure 1 ). There were 71 left-sided and 25 right-sided pathways. Two pathways each were present in four patients (patients 17, 43, 56, and 86).
After informed written consent had been obtained, patients 1-20 underwent a routine electrophysiological study to determine basic conduction intervals and refractory periods, the mechanism of the arrhythmia, the location of the accessory pathway, and the efficacy of antiarrhythmic drugs. Details on this procedure as performed in our laboratory have been previously published.15 '16 The remaining patients underwent the ablation procedure without a previous electrophysiological study. Because basic electrophysiological parameters do not affect the outcome of a catheter ablation procedure, these data will not be presented. All patients were informed about the experimental nature of the catheter ablation procedure, and all gave their consent to a protocol approved by the Ethics Committee at the University of Hamburg.
Catheters
In all patients, two 6F quadripolar catheters (USCI, Billerica, Mass.) (standard production, 5-mm interelectrode distance), introduced via the femoral vein, were advanced under fluoroscopic guidance to the high right atrium and the right ventricular apex, respectively. A 6F hexapolar catheter (USCI, 2-mm interelectrode distance) was advanced to the region of the bundle of His. A 6F catheter with three groups of four circumferential electrodes arranged in an orthogonal configuration (Jackman catheter; Mansfield/Webster Catheters, Mansfield Scientific, Inc., Mansfield, Mass.) was positioned from the left subclavian vein into the coronary sinus for coronary sinus mapping.
In patients with a right-sided accessory pathway, either (in patients 1-13) another standard USCI 6F quadripolar catheter with 5-mm interelectrode distance and a regular tip electrode of 2 mm length or (in patients 14-92 and in patients 1 and 13 for repeat attempts at ablation) a steerable 7F quadripolar catheter with 5-mm interelectrode distance and a large tip electrode of 4 mm length (Mansfield/Webster Catheters, or Dr. Osypka GmbH, GrenzachWyhlen, FRG) was also introduced from the femoral vein or from the right jugular vein toward the tricuspid annulus.
The mitral and tricuspid annuli were mapped during orthodromic reciprocating tachycardia (or during right ventricular pacing when retrograde conduction across the atrioventricular node was excluded) and during sinus rhythm or atrial pacing. Catheter Mapping and Ablation Devices. Programmed electrical stimulation with stimuli of 0.5 -msec duration at twice diastolic threshold was performed using the ERA-S-HIS stimulator (Biotronik GmbH, Berlin). Six surface electrocardiographic leads and at least five endocardial leads were Left-sided accessory pathways. Activation of leftsided free-wall accessory pathways was recorded from the coronary sinus with the Jackman catheter. Close bipolar electrograms were obtained by recording between adjacent electrodes within a circumferential group of electrodes. At least two bipolar electrograms from each of the three groups of circumferential electrodes were recorded simultaneously. To search for sites of earliest retrograde atrial activation and accessory pathway activation potentials, the catheter was positioned as far anteriorly as possible and then slowly withdrawn during atrioventricular reentrant tachycardia (or ventricular pacing) until the proximal circumferential electrode group was outside the coronary sinus ostium. The catheter was then readvanced to its most anterior position and slowly withdrawn again during sinus rhythm or atrial pacing to search for sites of earliest antegrade ventricular activation and accessory pathway activation potentials. Details of this mapping procedure and the nature of accessory pathway potentials have been described earlier. 17, 18 In case of a posteroseptal accessory pathway location, mapping of the left posteroseptal region was repeated with a standard 6F quadripolar (in patient 7) or a steerable 7F large-tip catheter (in patients 14-92) introduced via the right femoral vein. The catheter was advanced in the 300 left anterior oblique view to the posterior region of the coronary sinus and then slowly withdrawn to the posteroseptal area. To exclude localization of an accessory pathway at another septal site, the right posteroseptal, posterior, and midseptal regions were also carefully mapped.
Anatomical pathway location was categorized by the site of fusion of atrial and accessory pathway potential (i.e., by the atrial insertion site of the pathway). Left free-wall pathways were thus subclassified as anterior, anterolateral, lateral, posterolateral, and posterior. Pathways were further classified by their conduction pattern during sinus rhythm and ventricular pacing. Consistent antegrade and retrograde conduction characterized an overt pathway. Pathways with consistent antegrade but no retrograde conduction properties were classified as antegrade only pathways. Intermittently conducting pathways and pathways with consistent absence of antegrade conduction were categorized as intermittent and concealed pathways, respectively.
Of the 71 left-sided accessory pathways, 54 were overt pathways, one (patient 63) had antegrade only conduction properties, and 16 were concealed pathways. Two overt pathways (patients 33 and 73) and a single concealed pathway (patient 59) conducted intermittently only. One of the concealed pathways was present in patient 43, who also had a predominant overt right-sided accessory pathway. Thus, there were 55 patients with the Wolff-Parkinson-White syndrome and 15 patients without manifest preexcitation related to the presence of a left-sided accessory pathway.
For ablation of left-sided free-wall accessory pathways, a standard 6F quadripolar (in patients [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] sitioned below the patient's left scapula. This unipolar ventricular approach was also used in four patients with a left posteroseptal accessory pathway. In the other patients with a left posteroseptal accessory pathway, radiofrequency current was applied between the tip electrode of the ablation catheter (introduced from the right femoral vein and curved toward the bottom of the proximal coronary sinus) and a patch electrode below the patient's left scapula.
Right-sided accessory pathways. The endocardial surface of the tricuspid annulus was mapped with a standard 6F quadripolar (in patients 7, 9, 11, and 13) or a steerable 7F large-tip catheter (all other patients, including repeat attempts at ablation in patients 7 The ablation procedure was considered successful if, at the end of the procedure, either antegrade pathway conduction had been permanently abolished (in "antegrade only" pathways), if both antegrade and retrograde conduction had disappeared (in overt pathways), or if retrograde pathway conduction was no longer present (in concealed pathways). After successful ablation of an accessory pathway, one additional "safety" radiofrequency current pulse was usually given with the catheter remaining in place to minimize the possibility of late recurrence of accessory pathway conduction. The catheter position associated with a successful radiofrequency current application was stored on cine film. Atrial and ventricular stimulation were repeated 60 minutes after the last radiofrequency current application in patients 1-55 and 30 minutes after the last radiofrequency current application in patients 56-92.
During the procedure, patients were sedated (if necessary) with diazepam (5-15 mg) or were lightly anesthetized with fentanyl (0.1-0.5 mg). After catheter positioning, a bolus of 100 units/kg of heparin was given intravenously followed by a second injection of 5,000 units after 4 hours. Follow-up After the ablation session, patients 1-50 were monitored in the intensive care ward for 48 hours. Supraventricular or ventricular arrhythmias were not observed in this group of patients. As a consequence, patients 51-92 were monitored in the regular patient ward. A two-dimensional echocardiogram was performed each day, surface electrocardiograms were recorded twice daily, and the creatine kinase value was determined every 6 hours for the first 2 days. MB fractions were not done.
Patients with a concealed accessory pathway were stimulated from the right ventricular apex 24 hours after the ablation procedure with a 6F hexapolar catheter to ascertain absence of retrograde accessory pathway conduction. The pacing catheter was introduced via the left subclavian vein, where a sheath had been left in place after the ablation procedure. All patients were discharged after 2-5 days on a daily dose of 300 mg of acetylsalicylic acid as a prophylactic against thrombus formation.19
Patients were then seen in the outpatient clinic after 1 and 3 months and every 6 months thereafter. At each visit, the patient's clinical course was assessed, a physical examination was performed, and a surface electrocardiogram and two-dimensional echocardiogram were recorded. In cases of documented or presumed recurrence of accessory pathway conduction, patients were offered a repeat ablation procedure even if they had been free of symptoms.
Upon enrollment in the study, all patients consented to a repeat electrophysiological examination and coronary angiography to be performed 3-6 months after the ablation procedure. However, the majority of patients later denied these investigations because of their complete absence of arrhythmiarelated symptoms. Only 27 nonselected patients who were also free of symptoms underwent repeat atrial and ventricular stimulation with catheters located at the high right atrium, the bundle of His, and the right ventricular apex; 23 patients underwent postablation coronary angiography.
Statistical Analysis
Data are presented as mean +1 SD where appropriate. In cases of an asymmetrical, non-Gaussian distribution of measured parameters, the median value is given instead of the mean. Comparisons between continuous variables were analyzed using Student's two-tailed t test for unpaired samples or the Mann-Whitney U test. Proportions were analyzed using the x2 test. A probability of less than 5% was considered statistically significant.
Results
A total of 114 ablation procedures was performed in the 92 patients. Sixteen patients underwent a single repeat session and three consented to a third attempt at ablation. A median of nine (range, 1-45) radiofrequency current pulses were applied per session (Figure 3 ). For the first 18 procedures, a standard-tip electrode catheter was used to deliver ablative electrical energy of significantly less power (6.2+2.3 W) than that applied through the large-tip catheter used in the remaining sessions (26.8 +4.0 W; p<0.001). Mean pulse duration for all procedures was 22.3±6.2 seconds. Cumulative electrical energy delivered per session ranged from 84 to 31,587 J, with a median value of 3,503 J. The sessions lasted for an average of 4.3 + 1.9 hours (range, 1.0-10.5 hours). The patients' mean radiation exposure per session amounted to 54.0+33.7 minutes (range, 1.6-148.2 minutes). Within the confines of a single session, ablative therapy was directed toward a single accessory pathway, the only exception being patient 86, in whom both pathways were destroyed in one session.
In all patients, creatine kinase values were within normal limits.
Patients With Successfully Ablated Accessory Pathways
Accessory pathway conduction could be permanently interrupted by radiofrequency current application in 79 patients (86%) ( Figure  5 ). However, this parameter was not exclusively influenced by the investigators' experience but also by the type of electrode catheter used for ablation. The ablation catheter had a standard tip electrode in patients 1-13 and a large-tip electrode in all patients treated thereafter. Thus, the differential success rate, starting as low as 50% for the first 10 patients, increased steadily and kept a constant level of 100% after patient 52.
Left-sided versus right-sided pathways. For permanent interruption of conduction, left-sided accessory pathways required a lesser number of radiofrequency current applications per session than did right-sided accessory pathways (6.5 versus 10, median values; p<0.05), whereas electrical power and duration of current application were statistically not different. As a consequence, cumulative electrical energy was significantly higher for right-sided accessory pathways (5,400 J versus 3,100 J; p<0.01). Also, successful ablation sessions for right-sided accessory pathways lasted significantly longer (4.4±1.3 hours versus 3.6±1.8 hours; p<0.02). In concordance with these findings is the significantly larger proportion of rightsided pathways present in patients who underwent two or more repeat sessions for ablation of a single pathway (six versus three left-sided pathways; p <0.02 compared with pathways ablated in a single session).
Catheter ablation of five right-sided anteroseptal accessory pathways induced right bundle branch block in two patients but affected conduction across the atrioventricular node in none.
Antegrade versus concealed conduction. There was a tendency to deliver slightly more power to concealed accessory pathways (27.0±3.5 W) than to those exhibiting consistent antegrade conduction (23.5+8.0 W; p= 0.065). Apart from that, no statistically significant differences in procedural parameters were apparent between eventually successful sessions aimed at ablation of an antegradely conducting pathway and those aimed at ablation of a concealed pathway.
Posteroseptal versus free-wall accessory pathways. Of the successfully ablated pathways, 58 were located at the left and right ventricular free walls (49 and nine, respectively), whereas 17 (10 left, seven right) were posteroseptal pathways. In comparison with free-wall pathways, more radiofrequency current pulses (13.5 versus 6.5; p<0.02) of a longer duration (25.1+7.4 seconds versus 21.8+5.7 seconds; p<O.OOS) were needed and, correspondingly, more cumulative energy was applied (10,269 J versus 2,697 J; p <0.01) to permanently interrupt posteroseptal pathway conduction. A successful ablation session for a posteroseptal accessory pathway lasted on an average significantly longer than a successful session for a free-wall accessory pathway (4.7+1.2 hours versus 3.5+1.8 hours; p<O.0OS). Among the posteroseptal pathways, repeat procedures were required in three patients with manifest preexcitation. As a consequence, fewer radiofrequency pulses (seven versus sented a total of 14 accessory pathways ( Figure 6 ) and 22 procedures for attempted ablation. In six patients, a repeat procedure to ablate a single pathway proved unsuccessful, and in a seventh patient with a right posterior "antegrade only"' pathway, even three ablation sessions did not result in permanent abolition of accessory atrioventricular conduction. Not surprisingly, unsuccessfully treated patients received a higher number of radiofrequency current pulses per session (15 versus seven; p<0.005) and endured significantly longer lasting procedures than successfully treated patients (5.8+1.6 hours versus 4.0+ 1.8 hours; p<0.001).
Standard-tip versus large-tip electrode catheter. It is of note that a larger proportion of procedures using the standard-tip electrode catheter for ablation was performed in these patients than in patients with an eventually successful outcome (seven of 22 versus 11 of 92;p<0.05). Of all procedures performed with the standard-tip electrode catheter, 72% (13 of 18) were failures, whereas a significantly lower overall failure rate of 21% (20 of 96; p<0.001) was encountered with the large-tip electrode catheter. However, the failure rate of the large-tip electrode catheter was significantly higher when ablation attempts were aimed at left-sided posteroseptal accessory pathways (41%; seven of 17 procedures) than when left-sided free-wall accessory pathways were subjected to electrical therapy (16%; seven of 45 procedures;p<0.05).
Left-sided versus right-sided pathways. The three unsuccessful sessions aimed at ablation of two rightsided accessory pathways required more radiofrequency current applications (33 versus 15) and lasted longer (6.8±0.8 hours versus 5.7±1.7 hours) than those aimed at ablation of left-sided accessory pathways. These differences did not reach statistical significance in this subgroup of patients.
Antegrade versus concealed conduction. Comparing sessions for attempted ablation of antegradely conducting versus concealed accessory pathways yielded no differences of statistical significance in procedural parameters.
Posteroseptal versus free-wall accessory pathways. Posteroseptal pathways were exposed to a higher amount of electrical power per session than free-wall pathways (32.0±3.2 W versus 16.7± 10.8 W;p<0.01). This is because seven of the 16 unsuccessful attempts at ablation of a free-wall pathway were performed with the standard-tip electrode catheter, whereas all seven unsuccessful sessions for ablation of a posteroseptal pathway were performed with the large-tip electrode catheter.
Failures at ablation of a posteroseptal accessory pathway were only encountered on the left side of the heart. In 10 patients representing 13 sessions, ablation was attempted from the coronary sinus. All seven failures were encountered using this approach. In contrast, the ventricular approach for ablation of a left-sided posteroseptal pathway was used in four patients enrolled late in the study (patients 58, 82 FIGURE 6 . Schematic diagram illustrating the location of 14 accessory pathways that could not be ablated. For each location, the total number of accessory pathways is given, with the number in parentheses representing the enclosed number of concealedpathways. On the left side ofthe heart, there were six lateral (one of them concealed), one posterolateral, one posterior, and four posteroseptal accessory pathways (two of them concealed). The failed attempts at ablation of the posteroseptal pathways were all performed from the coronary sinus. On the right side of the heart, there were two pathways refractory to electrical therapy; one was a concealed pathway located posterolaterally, the other was an "antegrade only" pathway located posteriorly.
[repeat procedure only], 84, and 90) and succeeded in all.
Clinical course. Direct current shocks eventually succeeded in interrupting five accessory pathways in four of the 14 patients. Even the direct current approach failed in three patients (patients 8, 48, and 51). Patients 
Acute Complications
In patient 52, a 10-year-old girl, the ablation attempt had to be terminated before accessory pathway block was achieved because of a thrombotic occlusion of the right internal iliac artery. This required surgical thrombectomy with a Fogarty catheter. The patient's recovery was uneventful. In patient 82, a fistula between femoral artery and vein at the site of puncture in the patient's right groin was detected 1 day after the repeat ablation session. The fistula caused no symptoms but was surgically corrected.
Patient 3 had received 15 radiofrequency current applications that failed to ablate a left lateral accessory pathway before two direct current shocks of 200 J each, delivered between the left ventricular standard-tip electrode catheter and back plate, caused conduction block in the accessory pathway. A third direct current shock of 200 J led to left ventricular rupture and cardiac tamponade. The patient survived after emergency cardiac surgery.
Follow-up
During a median follow-up period of 7.5 months (range, 2-43 months), the majority of patients with an eventually successful outcome of ablative therapy experienced no recurrences of their arrhythmia. With the exception of patient 15, who was treated with sotalol for ventricular ectopy (present before ablative therapy), and patient 72, all were without antiarrhythmic medication and free of symptoms. Accessory pathway conduction recurred in three patients with right-sided accessory pathways. Twenty-four hours after an initially successful repeat procedure in patient 27, a delta wave was noted on the patient's electrocardiogram and he underwent a third attempt at ablation that resulted in permanent abolition of the pathway. Patient 72 experienced recurrent atrioventricular tachycardias after 3 months; patient 11 was free of symptoms since the repeat ablation session, but a delta wave was recorded at his 1-year follow-up visit. Both patients are presently scheduled for another attempt at catheter ablation of the accessory pathway. In patient 43, the initial ablation session resulted in bidirectional accessory pathway conduction block. The patient was free of symptoms but 3 months later, orthodromic atrioventricular tachycardia was inducible during a postablation electrophysiological study. This necessitated a repeat ablation procedure during which a second, concealed pathway was permanently interrupted.
Echocardiography showed no cardiac abnormalities, and 12-lead electrocardiograms were normal. A postablation electrophysiological study performed in 27 of these patients (including patients 10 and 18, who were successfully ablated with direct current shocks) disclosed normal conduction properties, except for patient 43 27 The successful outcome of an attempt to ablate an accessory pathway with radiofrequency current is affected by several factors, namely, the precision of accessory pathway localization, the anatomical site of the accessory pathway, the type of electrode catheter used for ablation, and the duration of the procedure.
Precision ofaccessory pathway localization. Application of radiofrequency current as opposed to direct current28 causes rather circumscript lesions in cardiac tissues29-31 and, consequently, precise localization of the accessory pathway is a prerequisite for successful ablation. Optimal placement of the ablation catheter is judged by the recording of accessory pathway activation potentials.17'18,32 These potentials may be obtained with a catheter located inside the coronary sinus but, as shown in the present study, they may also be recorded from an ablation catheter placed at the tricuspid or mitral annulus. At these sites, the distal catheter electrode is separated at best by only a few millimeters from the anatomical path of the accessory atrioventricular connection.33 Therefore, the positioning of a second electrode for the application of ablative electrical energy is not critical. It may either be a catheter electrode located inside the coronary sinus (as in the bipolar epicardialendocardial electrode configuration) or an external patch electrode placed on the patient's back (unipolar electrode configuration). A catheter tip that can be mechanically maneuvered from the outside greatly facilitates positioning of the ablative electrode, particularly at the left ventricular base.
Anatomical site of the accessory pathway. A general discrepancy was found between procedures aimed at ablating a left-sided pathway and those aimed at ablating a right-sided pathway. Right-sided accessory pathways were more difficult to interrupt; for successful outcome of electrical therapy, they required a higher number of radiofrequency pulses. The sessions lasted significantly longer on average, and a repeat procedure was more frequently necessary than in left-sided pathways.
Left-sided free-wall accessory pathways were best suited for radiofrequency current ablation. They are readily localized and the ablation catheter can be placed firmly below the mitral annulus, retaining a stable position there. Nevertheless, seven sessions in four patients failed when the large-tip electrode catheter was used. In a 10-year-old girl, failure to ablate the pathway was due to the inadequate (7F) size of the ablation catheter, which caused a thrombotic occlusion of the right iliac artery and necessitated the premature termination of the procedure. Two patients (patients 16 and 24) underwent ablative surgery days after the repeat procedures had failed and hemorrhagic lesions were found intraoperatively at the sites where the accessory pathways had been localized. It could be speculated that in both cases, the accessory pathway was located more epicardially and therefore the endocardially applied radiofrequency current had failed to interrupt pathway conduction. In the rare situation in which the ventricular approach fails to abolish accessory pathway conduction, it may be worthwhile to consider advancement of the ablation catheter across the mitral annulus toward the atrial insertion of the pathway, as has been done in one successful repeat ablation session (patient 30).
The posteroseptal region is the most complex area for accessory pathway catheter ablation. No standard approach can be offered. Precise mapping of the entire posterior area, ranging from left posterior to right posterior and including the right and left posteroseptal as well as the midseptal regions, is required. However, even if a true left posteroseptal location of the accessory pathway is confirmed by recording accessory pathway potentials from the coronary sinus catheter, radiofrequency current delivery may not alter accessory pathway conduction if the current is delivered from a catheter placed at the bottom of the coronary sinus ostium. Successful interruption of a left posteroseptal pathway may require current delivery from a catheter advanced toward the posteroseptal region from the left ventricle. All failures encountered with attempted ablation of a left-sided posteroseptal pathway (seven sessions in four patients) used a large-tip electrode catheter placed inside the coronary sinus. The left ventricular approach for ablation of left-sided posteroseptal pathways was used in four patients enrolled late in the study, and no failures occurred. In one of them, the coronary sinus approach used in the initial attempt at accessory pathway ablation failed.
Right-sided accessory pathways were approached from the atrial aspect of the annulus throughout this study, primarily in recognition of the fact that conduction block in right-sided accessory pathways mainly occurs at the atrial insertion and not, as in left-sided accessory pathways, at the ventricular insertion of the pathway.'8 Furthermore, catheter manipulation inside the right ventricle may be more complicated than in the left ventricle because of the extensive right ventricular trabecularization. Localization of the accessory pathway along the atrial aspect of the tricuspid annulus is feasible and allows precise catheter placement. However, the catheter cannot be fixed at its annular site as firmly as on the left side of the heart, where it can be embedded below the annulus. Therefore, the catheter position is frequently unstable and does not allow permanent current flow into the tissue. This accounts for the procedural discrepancies between sessions aimed at ablating a right-sided versus a left-sided accessory pathway.
All five right anteroseptal accessory pathways could be ablated without producing atrioventricular nodal conduction block. Catheter placement for accessory pathway ablation was in all cases anterosuperior from the atrioventricular node.
Type of electrode catheter used for ablation. The length of the tip electrode of the catheter used for ablation directly influences the size of the radiofrequency current-induced lesion.30 Because of the increased electrode surface area, an early impedance rise with a concomitant current breakdown is prevented when using the large-tip electrode and, consequently, higher electrical power may be applied. A recent study comparing standard and large-tip electrodes for radiofrequency current ablation of the atrioventricular junction in 17 patients has shown that the procedure is markedly facilitated by the use of a large-tip electrode. 34 The present study supports this finding and extends its validity to the ablation of accessory atrioventricular connections. Mean electrical power applied through the large-tip electrode at 26.8 W was about four times as high as that applied through the standard tip electrode; this is in concordance with a procedural success rate of 79% obtained with the large-tip electrode catheter as opposed to the 28% success rate associated with the regular catheter.
Duration of the ablation procedure. The mean procedure length of 4 hours and 20 minutes represents for the last 72 patients a single ablation session without a preceding electrophysiological study. If sedative therapy was used, the procedure was usually not limited by complaints of the patients. However, for an eventually successful outcome, sessions lasting for 5 and more hours sometimes cannot be avoided. Session duration is mainly affected by the need for precise mapping and the investigators' skill to position the ablation catheter at all locations along the annuli. Shorter durations of the procedure may become possible with increasing experience of the physicians and by dispensing with the assessment of electrophysiological information (such as refractory periods and conduction intervals) that is not necessary for successful catheter accessory pathway ablation.
Limitations oftheprocedure. Several factors need to be addressed before general application of the procedure can be recommended. Catheter positioning requires radiography resulting in radiation exposure times of close to 2.5 hours in some patients. The long-term effects of such extended exposure times in patients and physicians are not yet known but may be critical. 35, 36 Long-term effects of the procedure regarding efficacy and side effects are not yet available. Accessory pathway conduction recurred in three patients with a right-sided accessory pathway. This is in concordance with the observation that catheter positioning on the right side of the heart is frequently unstable, presumably resulting in less current flow into the tissue and, consequently, in smaller lesions. In another patient in whom a right posterolateral pathway was successfully ablated, postablation electrophysiological study after 3 months revealed exclusively retrograde conduction across a previously silent left posteroseptal accessory pathway. This observation may be explained by intermittent concealed conduction.
Long-term side effects of radiofrequency current application may include the late occurrence of arrhythmias not associated with an accessory pathway, morphological alterations of coronary arteries close to the ablation region, and of the mitral and tricuspid valves, as well as thrombus formation with potential embolization. In the present series of patients, early or late symptomatic arrhythmias did not occur at the atrial or ventricular level; this confirms experimental findings.31 Coronary arteries appeared normal during short-term follow-up in 23 patients who underwent coronary angiography. Echocardiography during follow-up did not reveal any alterations of the mitral or tricuspid valve or a thrombus formation along the annuli. This finding may have been influenced by intravenous heparin during the investigation and oral acetylsalicylic acid after the procedure. 19 Clinical signs of embolization were not observed.
Complications. Serious acute complications related to the application of radiofrequency current were not seen. Left ventricular rupture occurred in one patient, but only after delivery of direct current shocks. One patient who had a history of two myocardial infarctions, a severely depressed left ventricular function, and inducible ventricular arrhythmias died suddenly 4 
